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The patent literature for dipeptidyl peptidase W (DPP-JV) 
inhibitors for the period (^January 2001 to May 2002 is rroiewed. 
There has been increased interest in DPP-IV inhibitors since their 
potential for the treatment of diabetes vm identified. This reoiexo 
wiU focus on reversible inhibitors of the emyme. for iMeh the 
primary interest has been for use in the treatment of Type U 
diabetes. The majority of tlie nem chemical entities reported are 
dipeplide-like inhibitors that mimic the preferred substrates and 
the best of these display nanomolar activity. There have been fewer 
reports o/ tum-pepiide inhibitors suggesting that it is much more 
difficult to identify new classes of inhibitors. In addition to new 
chemical enHties this reoiem will cover new indications for DPP- 
IV inhibitors that htve been identified using prevmislu reported 
inhibitors as research tools. 

Introduction 

DipepUdyl peptidase IV (DPP-IV, also known as CD26 oi EC 
3.4.1«) is a membrane-boimd seritte protease first reported 
in 1966 that exhibits no sequence similarity with the classical 
serine protease families, but belongs to the prolyl 
oligopeptidasc family [W). It is a highly specific 
aminopeptidase with unusual enzyme activity. It cleaves 
Xaa-Pro dipepiides from the N-terminus of peptides and 
proteins and Xaa-Ala dipepbdes are also deaved to a lesser 
extent Other proline-specific proteases have been imported 
recently [2], some of which arc not struchirally homologous 
to DPP-IV but have similar enzyme activity. These include 
the closely related DPP8 and DPP9 cbimed by the 
University of Sydney in the Patent Cooperation Treaty 
(PCT) application WO-00119866 [101] and Ferrine BV in 
WCW)0231134 (102). There is a high sequence homology 
between the human, rat and mouse DPP-IV enzymes [3J. 

The enzyme is remarkably stable with a half-liie of more 
than 48 h and is widely distributed in mammalian tissues, 
being found in the kidney, liver, intestinal epithelium! 
placenta, prostate, pancreas and blood plasma [4»,5]. There 
are also reports of the truncated soluble form being found in 
body fluids such as human serum, saliva, urine and synovial 
fluid. DPP-IV has been impUcaled in the regulation of the 
immune system [6-81 and is a well-established marker of T- 
lymphocyte activaHon. It has also been implicated in the 
regulation of inflammatory, nervous and endocrine 
functions [9]. 

The unique substrate specificity of DPP-IV results in the 
enzyme pUying a key role in the metabolism of 
neuropepHdes. immunopep tides and pepHde hormones 
containing Xaa-Pio or Xaa-Ala amino tern " 



flD-12]. Biologically active peptides with proven DPP-IV 
susceptibility include substance P, neuropeptide Y, peptide 
YY, enterostatin, growth-hormone-releasing factor (GRF) 
and the incretin hormones including glucose-dependent 
insulinolropjc polypeptide (GIP) and the glucaeon-like 
peptides. 

Recently the emphasis of the research related to DPP-IV has 
been concentrated on its ability to cleave a His-Ala dipeptide 
li^om the N-terminus of the 30-amino acid peptide hormone, 
glucagon-like peptide (GLP-1 (7-36)). This hormone is 
regarded as the most important incretin. It stimulates 
glucose-dependent insulin secretion, inhibits hepatic glucose 
production and lowers blood glucose. In additimi to its 
insulinotropic effects GLP-1 has been shown to promote the 
growth and differentiation of ^-cells. GLP-1 is responsible 
for a substantial part of the insulin response to oral 
glucose and its function is greafly impaired in Type II 
diabetes. Since GLP-1 appears to play such an important 
role in management of glucose levels, GLP-l-based 
therapies are of potential use in treatment of non-insulin- 
dependent diabetes melUtus (Type II diabetes) [13,14]. 
Normalized glucose levels are achieved if circulating 
levels of GLP-1 are increased by 3- to 4-fbId. Howeve" 
the use of GLP-1 is limited to continuous intravenous 
infusiMi due to its short in vivo half-life. Treatment with 
DPP-IV inhibitors prevents the degradation of endogenous 
GLP-1 and fte resulting increase in GLP-1 levels leads to 
enhanced insulin secretion and improved glucose tolerance 
in both normal arid diabetic rats [15»».16,17]. The use of 
DPP-IV inhibitors has been proposed as a possible treatanent 
of Type D diabetes. 

The substrate requirements of the enzyme have been 
investigated |18,19) and an N-terminal primary or secondary 
amine at the P, posibon Is an essential requirement. Data 
from these studies were utilized in the design of the first 
DPP-IV inhibitors. Although several classes of DPP-IV 
inhibitors have been reported [20..], by far the most 
successful have been dipeptide analogs of the natural 
substrates, one of the simplest of these being De-thiazolidide 
(1, P32/98; Figure 1), developed by Probiodrug AG [21] and 
licensed by Merck & Co Inc in December 2000. This 
compefiHve, reversible inWbitor displays moderate potency 
(K, = 130 nM) bijt has entered phase U clinical trials for the 
treatment of Type H diabetes. Replacement of the thiazolidide 
group has been investigated, but no ottier subsHtucnis give 
improved potency within this series of compounds [22]. More 
potent compounds have been developed which take 
advantage of the required interaction with the serine hydroxyl 
group of the enzyme. Dipeptide diphenylphosphonates (eg, 2, 
Georgia Institute of Technology; Figure 1) are potent 
inhibitors but are irreversible [23]. Some of the most potent 
DPP-IV inhibitore reportvd are eUpcplide boronic add 
derivatives (eg, 3, Boehringer Ingelheim Pharmaceuticals Inc; 
Figure 1) (IC, = 15 nM). These prolineboronic acid (bomPro) 
derivatives are reversible, slow-binding inhibitore; however 
they display poor stability in weakly basic buffer due to 
an mlramolecular cyclization between the N-terminal 
amino group and the boronic acid {24]. The 
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cydized compounds are inactive in vitro but are active in 
vivo because the cydization is reversible in addic conditions. 
The boroPro derivatives show poor selectivity over other 
proteases such as DPP-D. Similar stability problems are 
encountered when other electrophiUc groups such as 
aldehydes or ketones are attached to the P, residue. Nitriles, 
however, appear not to suffer the same stability problems. 
FE-99901] (4, Ferring BV; Figure 1) is a member of a series of 
2-cyanopyrroIidide derivatives claimed by Ferring in WO- 
09515309 [103..] that dispUy potency (K, = 12 nM) 
comparable to the boroPro derivatives but with much 
improved stability, t^ > 48 h at pH 7.4 [25]. The cyano group 
is suffidently electrophilic to interact with the serine 
hydroxy!, but does not cause stability problems. The 
corresponding thiazolidide derivatives show improved 
activity (K, = 0.41 nM) but less stabiUty (t. = 27 h at pH 7.4) 
[26]. These inhibitors are slow binding, reversible inhibitors. 
However, within this series, compounds lacking the cyano 
group retain some inhibitory activity. A wide range of side 
chains on the a<artjon of the residue is well tolerated. 
Qosely related 2-cyanopyrrolidide derivatives display good 
selectivity over DPP-n (27]. FE-999011 suppresses plasma 
DPP-rV activity for 12 K after a single oral dose [28«]. 
Chronic treatment with this compound in the Zucker 
diabetic fatty (2DF) rat postponed the development of 
diabetes with a twice-daily dose delaying the onset of 
hyperglycemia by 19 days. These results suggest that this 
compound may be useful in preventing the progression 
from impaired glucose tolerance to Type U diabetes: 

A series of Ar-sIycyl-2-cyanopyrrolidides have been 
reported by Novartis AG in its 1998 PCT application, 
WO09S19998 [104..] m which the N-termlnal amino 
group is substituted. NWP.DPP-728 (S; Figure 1) has a 
comparable in vitro potency (K, = 11 nM) to the 
compounds bearing a side chain on the o-carbon atom 
and shows good stability (t., « 72 h at pH 7.4). The 
corresponding thiazolidide analogs, claimed in Novartis s 



US-06110949, again show Improved potency [105]. In this 
series the cyano group is essential for activity. A kinetic 
study (29) determined that these compounds are 
reversible inhibitors of DPP-IV. NrVP-DPP-728 shows 
good activity in models of impaired glucose tolerance, 
improves insulin secretion and glucose tolerance in 
Zucker fatty rats |30.] and is currently in phase II clinical 
trials for the treatment of Type II diabetes. Two other 
peptidie inhibitors of DPP-IV have been reported. The 
tryptophan derix'ative TSL-225 (6, Tanabe Seiyaku Co 
Ltd; Figure 1), derived from a natural product lead, 
shows only moderate acKvity (IC„ = 5.7 nM) [31]. A eydic 
peptide (7. University de Versailles; Figure 1) has been 
reported as an irreversible inhibitor with good potency 
(IC„ s 3 nM); inhibitibn lasts for several hours [32]. 
Several non-peptidic inhibitors of DPP-IV have been 
reported but these display only modest acHvity. Novartis 
AG has investigated a series of isoquinoline derivatives, 
the 4-ethoxycarbonyl analog (8; Figure 2) being the most 
acKve pC, = 032 fM) [33]. The Univexsity of Albany's 
fluoroolefin derivative 9 (Figure 2) is an irreversible 
inhibitor with moderate' potency (K, - 188 nM) and good 
StabiUty (t, = 103 h at pH 7.6). It is reported that the 
fluoroolefin mimics an amide bond [34]. 

This review wiD cover patents and patent applications 
published in the period January 2001 to May 2002. The 
initial interest in DPP-IV inhibitors and their possible role 
in immunology has not been pursued due to a lack of 
positive results. There has been renewed interest in DPP-IV 
.inhibitors since the possibility of their use in the treatment 
of Type U diabetes was established. This has led to an 
increase in the number of patent applicaHons for novel 
compounds and IndlcatlonB for their use. This interest is 
understandable since diabetes, in particular Type 11 
diabete^ affects a large and still growing patient 
population that cannot be adequately treated with existing 
therapies. In the recently published patent literature there 
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is a strong emphasis on the treatment of Type H diabetes 
and most of the supportinj; data reflect Oils. DPP-IV 
inhibitois fit into two main categories, namely dipeptide- 
like and non-pcptidic inhibitors. Prodrugs of the 
dipeptide-like compounds are corwidered to constitute a 
third category. The majority of patent applications cover 
dipeptide-like compounds closely related to loiown DPP- 
IV iiihibitors and despite early promise and Uie availability 
of large libraries to screen, there has been a lack of 
applicatioru for novel norvpeptide inhibitors. 

Oipeptlde-IIke inhibitors 

The dipeptide-like inhibitor:) can be sul>^ivided into two 
main classes, those with a side chain on the a-carbon of 
the P, residue, these include compounds which have 
proline or proline analogs as the F, residue and those 
where the side chain is exclusively on the terminal amino 
group of the P, residue. 

Glutamic aeld derivatives 

Following from the Z-cyanopyrrolidide derivatives 
previously reported by Ferring I103««] a number of 
different aminoacyt 2-cyanopyrrolidides have been 
reported. The nature of the side chain on the a-carbon of 
the P, residue has been further explored and the 
lipophilic groups of the earlier inhibitors have been 
replaced by groups bearing other functionality with the 
hope of achieving extra binding interactions. A recently 
Issued US division, US-0620n32 1106], of the original 
Ferring patent application covers a series of glutamic acid 
and lysine derivatives of Z-cyanopyrrolidides with 
extended side chains, as exemplified by the glutamyl 
derivative 10 (Figure 3) which has K, « 0.S nM against the 
human enzyme. The corresponding descyano compounds 
are also claimed, although the descyano derivative of 10 
is less active (K, = 150 nM). No in vivo activity is given. 
Probiodrug has also investigated a series of glutamic acid 
derivatives, which are claimed in WO-00114318 1107J. The 
applicaKon discloses a series of aminoacyl thiazolidides 
and pyrroUdldes, where the side chain of the aminoacyl 
moiety contains a group that is covalently bound to an 
oligopeptide of up to 20 amino acid residues. In the 
examples quoted, the aminoacyl portion is always a 
glutamic acid residue, eg, compound 11 (Figure 3), which 
has a K, - 99 nM against DPP-IV. The binding properHes 
to and the "transportability' through the peptide 
transporter PepTl were measured. Surprisingly, the side 
chain modifications incorporated into compounds such as 
11 had little effect on binding properties that were 
comparable to Ile-thiazolidide, but traiuportability 
through the peptide transporter was drastically reduced. 



In a separate experiment, inhibitors with extended side 
chains were dosed orally to healthy Wistar rats (5 
|unol/300 g rat). Inhibition of plasma DPP-IV by these 
compounds was lower than that observed with Ile- 
thiazolldide despite their similar K, values for inhibition 
of DPP-IV, suggesting that these compounds are 
significantly less well absorbed from the guL Compound 
11 displayed no systemic effect after oral administration. 
These results suggest that the compounds can be 
administered topicaUy with no systemic effects. 

OfCarbon side chain derivatlvBS 

Ferring has filed two further patent applications that 
disclose aminoacyl derivatives with extended side chains 
on the Orcarbon of the P, residue. The first, WO-00181337 
[108] is restricted to a series of lysine and orruthine 
derivatives with heterocyclic substituents on the 
ornithine and lysine side chains, exemplified by 12 
(Figure 3). The second appUcaUon. WO-00181304 [109] 
expands this range of side chains to include heteroatoms, 
providing a greater range of derivatives exemplified by 
13 (Figure 3). The claims in both Oiese applications cover 
cyano and descyano pyrrolidides and thiazolidides. No 
biological data are given in either application, except that 
inhibitory activity against human DPP-IV is observed at 
concentrations < 300 nM and that the hyperglycemic 
excursion observed upon glucose challenge in Zucker 
obese rats was reduced in a dose-dependent manner in 
animals receiving between 0.1 and 100 mg/kg of 
compound. Without more specific biological data It is not 
possible to compare these compounds with other 
inhibitors. 

Isoquinollnyl and prolyl derivatives 

Novartis has filed U&O6172081, which discloses a series of 

1- (l,23,4-tetrahydro^isoquinolinyl)carbanyl-2-pyrrolidine 
carbonitrile derivatives such as compound 14 (Figure 3) 
with further substitution on the aromatic ring of the 
isoquinollnyl moiety (llOJ. This application is limited to 

2- cyano derivatives. The in pi'tro DPP-IV inhibitory 
activity of the claimed compounds was tested against 
three different enzyme sources: human colonic carcinoma 
cell line CaCD2, hiunan and rat plasma. Compound 14 
displayed 1C„ values of 16, 5 and 12 nM, respectively. 
The compounds are claimed for use in treatment of Type 
II diabetes but no biological data are given. A series of 
substituted prolyl derivatives such as compound 15 
(Figure 3) are disclosed in WO-00214271 filed by Welfide 
Corp [111]. A wide range of substituents at the 3-position 
of the proline ring are claimed, giving rise to a potent 
series of inhibitors with sub-nanomolar potency (eg, 
compound 15; 1C„ = 0.18 nM). Substitution at the 3- 
position is claimed to give improved activity and 
stability. Compounds lacking the cyano group are also 
described in tftis patent application, and some of the 
thiazolidide derivatives described display nanomolar 
activity. 

Terminal amino group derivatives 

The second type of dipeptide-like DPP-IV inhibitors are the 
N-(subslituted-glycyl)-2-cyanopyTrolidides first reported by 
Novartis in WCW)9819998 (104~], in which the side chain of 
the P, residue resides exclusively on the N-terminal amino 
group and not on the a-caibon atom. A furttier patent application 
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from Novartis, WO-001 96295, claims a series of AT- 
(subsHtuted-glyeyl)-2-cyanopyrrolidide9 in wltich the 
substituent on the terminal amino group is an aliphatic 
group branched at the o-carbon atom and containing 
additional functionality as exemplified by the 4- 
aminocydohexyl derivative 1( (Figure 4) 1112]. This 
application is limited to 2-cyanopyrroIidide derivatives. 
The in vifro DPP-IV inhibitoiy activity of the claimed 
compounds was tested against three different enzyme 
sources: human colonic carcinoma cell line Caco2, human 
and rat plasma. Compound 1< displayed 1C„ values of 5, 
10 and S nM, respectively. Compound 16 (10 ^mul/kg po) 
administered ID mln prior to glucose challenge gave an 
80% inhibition of DPP-IV activity; analysis of blood 
samples also revealed a 39% decrease in plasma glucose 
excursion relative to control. The disclosed compounds 
have similar in vitro profiles to those disclosed in earlier 
applications from Novartis, however, it is difficult to 
compare the effectiveness in vivo with these earlier 
applications since different paremeteis were measured. 
Comparison with other series of inhibitors is not possible 
since both the in vitro and in piod. data were obtained 
using different protocob. This application also claims a 
combination of the DPP-IV inhibitor . along with at least 
one different antidiabeUc agent for treatment of Type U 
diabetes. In addition to a claim for use of the disclosed 
compounds in the treatment of Type D diabetes, a 
method of treatment claim is made for other DPP-IV- 
mediated conditions such as arthritis, obesity and 
osteoporosis. 

2-Substltutod-thlazolldlde derivatives 

Guilford Phannaceuticak Inc has filed WO-00134594, which 
discloses a series of dipeptide-like inhibiturs bekmging to a 
family of N-substituted-glycyl derivatives (113]. This 
application covers a series of 2-substituted-thiazolidide 
derivatives in which the 2-substituent is selected from 
tetrazole (eg, compound 17; Figure 4). nitrile, carboxylic or 
phosphonate groups. A methylene group or an oxygen atom 
can replace the sulfur of the thiazolidine; in the case of the 



methylene group there is some overlap with earlier Novartis 
applications. No biological data are provided, but the 
application states the inhibitors have a molecular weight < 
500 and an IC, value < 1 jiM, although no method for 
determining activity is described. The use of a tetrazole 
group represents a novel class of dipeptide-like inhibitors, 
but since the tetrazole group tends to be used as a carboxylic 
acid mimic it is difficult to see this moiety interacting with 
the enzyme in the same way as the lutrile. Since there is no 
biotogiod data available for this series of compounds their 
effectiveness cannot be compared to other DPP-IV 
inhibitors. 



Figure 4. AH8ijfaatltute<lfilycyl)-2-cyanopyTToHdld» derivaUvea. 




The method of treatment claims include central n 

system disorders such as strokes, tumors, Parkinson's 
disease, amyotrophic lateral schlerosis and migraine. 
Surprisingly there is no claim of treatment for diabetes in 
any form. The claim of treatment for central nervous 
system disorders is exempUfied by data showing that 
DPP-rv inhibitor c-KPG (compound 6; Figure 1) (IC^ « 10 
nM) is active in a model employing organotypic spinal 
motor neurons and threohydroxyaspartate. 

Previous work suggests that a pynolidine ring, or closely 
related analog, is the optimum fit into the S, pocket, hence 
the previously reported cyano derivatives have all been 
pynolidide or thiazolidide derwatives. Variations on *e S- 
membered ring have appeared in two recent patent 
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applications. In one of these, WO-OOISBIOS. Novo Noitlisk 
A/S disclosed a series of 2-cyano^,4-dehydropynolicline 
derivaHves that include aminoacyl denvaUves bearing side 
chains on the a-carbon atom of the P, residue selected from 
natural amino adds plus some other bulUei hydrophobic 
groups (eg, 18; Figure 5) [lU]. The daims are extended to 
include a series nf compounds with praline mimics as the P, 
residue. In addition to compounds with a substihient on the 
O<arbon atom of the P. residue, the application claims N- 
substituted-glycyl derivatives with substituents similar to 
those claimed by Novartis. This patent application is limited 
to 2-cyano derivatives. Claims are made for selective and 
potent inhibitors of DPP-IV, and are also made for a method 
for treating Type II diabetes. A model of diabetes using 2DF 
rats is described but no data for the disclosed compounds 
are included. 

In WO-00168603, filed by Bristol-Myers Squibb Co (IISL a 
series of aminoacyl cydopropyl-fused pyrrolidine-based 
derivatives containing a nitrile at the 2-position of the 
pyrrolidine ring are disclosed as DPP-IV inhibitors. The 
side chain of the aminoacyl group ranges from tho«e 
present in naturally occurring amino adds, such as the 
isoleudne analog 19 (Rguie 5). to other more elaborate 
hydrophobic groups, such as adamantyl. p-Amino acid 
derivatives are also disclosed. No biological data are 
included although a method for the purification of porcine 
DPP-IV is described. Since no biological activity is reported 
it is impossible to say whether the fused cydopropyl ring 
pmvides any benefits over the simpler pyrrolidide 
derivatives. Claims are made for use in the treatment of 
diabetes, especially Type U diabetes, both alone and in 
combination with other antidiabetic agents such as 
metformin, glyburide, troglitazone, pioglitazone and 
rosiglitazone. 



Figure 5. Other pyrrelldlde^asml inhibitor*. 




Norvpeptlde Inhibitors 

Despite tfte early identification of non-peptide inhibitors of 
DPP-IV there have been relatively few recent patent 
applications for iiJiibitors of this type 

Fluoroolefin derivatives 

Guilford Pharmaceuticals' WO-00134594 [113] which covers 
dipepdde-likc inhibitors, also claims a scries of fluoroolefin 
derivatives of 2-cyanopyrpolidides, such as compound 20 
(Figure 6). These compounds are closely related to the 
fluoroolefin derivatives described previously. The 
compounds are claimed to be proline mimeties with a 



molecular weight < 500 and an IC., value < 1 jiM, although 
no method for detemtining activity is described. 

Dlhydropurlne-2,6<Hone dertvaUms 

WO-00202560, filed by Novo Nordisk, claims a series of 
37-dihydropurine-2,6-dione derivatives as novel DPP-IV 
inhibitors, as exemplified by compound 21 (Figure 6) 
[116]. The 1,4-diazepane portion has also been replaced 
with a piperazine moiety. This application includes 
examples with a whole range of substituents on this 
scaffold. No biological data are reported but an assay 
using porcine DPP-IV and Gly-Pro-pNA as the 
chromogenic substrate is described. A model using ZDF 
rats for testing compounds that may be used for 
treatment and prevention of diabetes is described, but no 
data are presented. The lack of biological data makes it 
difficult lo compare this novel series of inhibitors with 
more established types of inhibitors. 

Sulphostin 

A potent DPP-IV inhibitor, sulphostin (22; Figure 6), has 
-been isolated froin the culture broth of Slrtptomyoes species 
MK251-43F3. Zaidan Hojin Biseibulsu Kagaku Kenkyu Kai 
has filed USO6214340 1117] claiming the compound, its 
method of production, and reporting an 1C„ value of 0.008. 
(ig/ml against DPP-IV isolated from rat kidneys. No in vivo 
data are reported and no specific daims for use in the 
treatment of diabetes are made. 

Prodrugs 

Two recent patent applicatioiw disclosing prodrugs of 
known DPP-IV inhibitors have been filed. Since some of 
the more potent ii*ibitors of DPP-IV have been reported to 
show poor stability in aqueous buffers with pH > 7.4. the 
use of prodrugs represents a way of stabilizing the 
compounds. Additionally, prodrugs of compounds not 
suffering from siabiUty problems may have improved 
properties that may enhance their pharmacological 
activity. 

Prodrugs ofunstabh DPP-IV Inhibitors 

Probiodrug has filed US-20010020006 disclosing a series 
of prodrugs of unsuble DPP-IV inhibitors |118]. The 
compound, H-Val-Pro-pyridinium methyl ketone, is an 
unstable inhibitor of DPP-IV that can undergo 
intramolecular cyclization between the N-terminal amino 
group and the ketone, it has a t^ value of 13.3 min at pH 
7.6. Addition of H-GIy-Pro residue to the N-terminus 
yields compound 23 (Figure 7), which is stable for > 24 h 
under the same conditioiu. The active inhibitor is only 
released in the presence of the enzyme with > 50% of 
compound 23 detected after incubating for 60 min with 
DPP-IV. A surprisingly longer duration of ir\hibition of 
DPP-IV relative to that observed with the parent inhibitor 
is observed when the prodrug is incubated with the 
eruyme and a chromogenic substrate, which is 
accompanied by a reduced concentration of the prodrug. 
Although it is claimed that these compounds can be used 
in the treatment of impaired glucose tolerance and 
diabetes mellitus, no in dido data are given to support 
these claims. 
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Prodrugs of stable DPP-IV inhibitors 

An aJtemative series of prodrugs not reUant upon 
degradation by DPP-IV, which appear to display enhanced 
m mvo activity, have been daimed by Fening bi WO- 
00140180 [119]. The previously reported l.{2-aminoacyl)-2- 
cyanopyrrolidide derivatives, which are stable and potent 
inhibitors, have been further derivatized on the terminal 
amino group with functional groups including carbamates, 
alkyioxycarbamates, eftamines and 'amino adds yielding 
compoundi such as 24 and 2S (Kgure 7). These compounds 
are reported to display no DPP-IV inhibitory activity in vilro 
at 10 pM, indicating that they are at least 1000-fold less 
potent than the active inhibitors from which they are 
derived. The prodrugs are metabolized m vivo to yield 
metabolites that are inhibitors of DPP-tV. The in vivo activity 
of these compounds in a glucose tolerance model has been 
demonstrated in male Zucker fatty rats. Compound 24 (10 
mg/kg po) was administered 1 h prior to glucose diallenge 
(1 g/kg). Blood glucose levels were reduced to levels similar 
to those observed in animaU that had been treated with 
vehicle alone. This reducUon in blood glucose levels was 
comparable to that observed with the same dose Of the 
parent compound. Compounds with other N-lerminal 
groups gave similar effects, but were not always as effecdve 
as the reference compound at early time points, indicating 
ttwt different groups may be metabolized at different rates. 
The results are consistent with prodrugs *at are converted 
mto the parent drug in high yields. In a separate experiment 
compound 25 00 mg/kg po) was administered 12 h prior to 
J^ueose challenge. The blood glucose leveU for up to 2 h 
after glucose challenge were reduced to the levels observed 
m the animals treated with vehicle alone. The prodrug 
enables significant antihyperglyeemic activity to be 
maintained for up to 12 h. 

Indications for DPP-IV inhibitors 

The prime indicatton in the majority of the recently 
published patent applications is treatment of diabetes. The 
first patent to claim the use of DPP-IV inhibitors in the 
treatment of diabetes mellitus, US-06303661 originated from 
Probiodrug (120«]. This patent has been granted in the US 
and the same claims have also been granted in Europe. The 
patent claims a novel method for the reduction of elevated 
blood glucose leveb by inhibition of DPP-IV-Uke activity 
The daims are excmpUfied with the use of De-thiazolidide 
Results include the inhibition of degradation of GLP-1 in 
rats with a 0.1 mg/kg intravatous dose of Ile-thiazolidide. 
The modulation of the insulin response and the reduction of 
blood glucose leveU in rats were monitored after 



Circulating glucose and insulin responses to 
inbnduodenal admiiustration of glucose were also 
monitored. A dose-dependant reduction in glucose levels 
was observed on treatment with the inhibitor relative to 
unseated control; this effect was reversed upon termination 



potent of infusion. 



In addition to utilizing DPP-IV inhibitors in the treatment of 
diabetes, two patent applications have been filed for their 
use in the prevention of diabetes. Novo Nordisk's WO- 
00162266 claims a method for prevenKng &<eD degeneration 
by administraHon of a DPP-IV inhibitor [121 «.J. The claims 
are also extended to cover the use of DPP-IV inhibitors in ' 
delaying the progression of impaired fasting glucose to Type 
11 diabetes and the progression of non-insulin-demanding 
Type 11 diabetes to insulin-demanding Type 11 diabetes. 
Further claims are also made for the use of DPP-IV 
inhibitors in increasing fte size of P-eells. The claims are 
exemplified by the use of the weakly-active DPP-IV inhibitor 
Val-pyrrolidide, which was administered orally for 4 days at 
a dose of 20 mg/kg to male Sprague-Dawley rats on which a 
60% panCTeatectomy had been performed. In 5/6 animals 
treated with the inhibitor, insulin was expressed in islets 
kxated in the regenerating pancreatic tissue, indicating that 
Val-pymdidide accelerates the differentiation process in 
regenerating tissue leading to faster formation of new P- 
cells. The results are in agreement ivith the decrease in 
glucose excursion seen In an oral glucose tolerance test. 



Probiodrug has disclosed a method of treating mammals to 
increase the relative insulin producing performance of 
endogenous pancreatic p-cells in WO-00172290 [122). This 
application claims that the oral administration of a DPP-IV 
inhibitor causes the active form of GLP-1 to be preserved 
longw under physiological conditions and is exemplified in 
healthy male subjects in which the active GLP-1 
omcentration was increased by approximately 300 to 400% 
following oral administration of Ile-thiazolidide 10 min prior 
to glucose challenge. In the same shidy, insuUn levels were 
decreased at doses of 120 to 240 mg/kg, and glucose 
concentrations showed a significantly lower increase at dosM 
of 15 to 240 mg/kg. The extended presence of GLP-1 faciHtales 
the diffeiendatkin and regeneration of p^ells *at are in need of 
repair and ttiat in turn can contribute to the correction and 
maintenance of nonnal glycemic levels. A further study in 
aicker obese rats invoKed once a day administration of He- 
thiazohdide (21.61 ii\g/kg) over a 21-day period. 

In addition to the sole use of DPP-IV inhibitors for 
treatment of diabetes, the combination of DPP-IV 



Supplietl by the British Ubrary - "The world's Icnowledge" www.bl.ult 



Ft0ur» 7. S«laelsd prodrugs. 




inhibitors witlf other aittidiabetic agents has been 
reported as advantageous. Novartis has filed WO- 
00152825 relating to the combination of a DPP-IV 
inhibitor with at least one other antidiabetic agent for 
prevention, delay in progression or treatment of 
conditions mediated by DPP-IV, in particular Type D 
diabetes and impaired glucose tolerance [123]. The 
preferred DPP-IV inhibitors are those claimed in 
Novartis' earlier patent applications, while the partner 
compound is selected from a wide range of marketed 
antidiabetic agents including nateglinide. repaglinide, 
metformin, acarfoose and troglitazone. The dosing regime 
is dependent upon the partner drug. No biological dau 
are given, but claims are made that in established test 
models of diabetes the combination of a DPP-IV inhibitor 
with at least one other compound results in a more 
effective prevention for treatment of conditions mediated 
by DPP-IV. 

Smithkline Beecham pic (now GlaxoSmithKline pic) has 
made similar claims using Ile-thiazolidide as the partner 
DPP-IV inhibitor in WO-001 97808 1124). This PCT 
application daims a treatment for Type II diabetes by 
administration of a DPP-IV inhibitor along with another 
antidiabetic agent. A model using ZDP tats is described 
in which the rats were dosed orally with Ile-thiazolidide 
(100 mg/kg) and an antihyperglycemic agent such as a 
thiazolidinedione insulin sensitizer (5 mg/kg) over a 7- 
day period. The combination gave a better response with 
regards to plasma glucose levels 
administration of the single compound. 

Probiodrug's US-06319893 issued on November 20, 2001 
claims use of DPP-IV inhibitors in raising blood sugar 
levels in hypoglycemic mammals (125). This potential 
indication is surprising given the well-established role of 
DPP-rV inhibitors to lower blood sugar leveb. It is 
suggested this apparently contradictory role for DPP-IV 
inhibitors is possible because they can reduce the 
degradation of glucagon that is involved in the release of 
endogenously stored glucose from glycogen! Glucagon 
has the opposite effect to the incretins. Approximately 2 h 
after food intake the secretion of iiKretins is stopped, 
effectively bringing an end to glucose disposal and after 
this time glucose levels are maintained by degradatton of 
glycogen. Ile-thiazolidide inhibits the glucagon- 
degrading activity in plasma with a resultant increase in 
blood glucose levels relative to saline control in Wistar 
rats following intravenous administration of glucagon 
thai had been pre-incubated in the plasma of normal rats. 



Fiiully, the use of DPP-IV inhibitors for lowering blood 
pressure associated with elevated blood glucose levels 
in mammals has been disclosed in a patent application, 
US-2002006899, filed by Pospisilik et ul [126]. The impact 
of chronic administration of Ile-thiazolidide to ZDF rats 
on systolic blood pressure is described, effects are 
observed with an oral dose of 10 mg/kg given twice daily 
for 100 days. 

Conclusion 

Despite the availability of large libraries available for 
screening, the small number of nun-peptide-like 
inhibitors found in the patent literature in the period 
covered by this review suggests it is more difficult to find 
new classes of potent inhibitors as opposed to those 
developed on the basis of the substrate requirements of 
the etuyme. However, the first generation of DPP-IV 
inhibitors have not only yielded important research tools 
but also provided potential drug candidates. A wide 
rattge of low molecular weight dipeptide inhibitors have 
been reported that display good potency and also possess 
the drug-like qualities required by present day drug 
discovery programs. These iivhibitors also display good 
activity in in tnvo models with various routes of 
administration, including topical and oral. The focus of 
attention has been for use in the treatment of Type 11 
diabetes, and early results look promising. In addition, 
there is early evidence to suggest they may be useful in 
the prevention of diabetes. 

Since DPP-IV is located throughout the body and has 
many different roles it is likely that new therapeutic 
indications for DPP-IV inhibitors will be identified. 
Because the current inhibitors display a wide range of 
physicochemical properties and can be administered by 
various routes there is a large scope for future 
developments with regards localized administration. The 
same properties may also be utilized in desigiung long- 
and short-acting drugs. New classes of inhibitors are 
likely to be forthcoming and will increase the therapeutic 
options currently available. 
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